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1 Abstract 
In this paper, standardization and optimization of Orthotropic Steel Deck (OSD) is carried out to increase 
its usage as an essential bridge component. OSD’s are more often used in the long span bridges because they 
considered expensive and more complex structure. There are fatigue crack complications associated with 
these type of steel decks due to their direct contact with the heavy cyclic loading. The idea of standardizing 
the OSD’s is floating in the research industry for last two decades. To facilitate this concept numerical 
simulation study is carried out with and without additional cutouts with different deck thicknesses and span 
lengths. The Cross beams without stress relieving cutouts have been introduced which will reduce the labor 
cost for special cutouts preparation and increase the fatigue endurance of critical welded joints. Based on 
these numerical results; recommendations have been made. Standardization and optimization of OSD’s will 
definitely increase their usage in bridges.  
Keywords: Optimization, Orthotropic steel deck, Complex structure, Fatigue cracks, Numerical simulation, 
Stress relieving cutouts.
2 Introduction 
The OSD’s have load-carrying elements in both 
directions, i-e longitudinal stiffeners and transverse 
web stiffeners welded to a deck plate. This two way 
load distribution contributes to the overall bridge 
strength, which results in an extremely lightweight 
and durable deck concept. Therefore, these decks 
are often used in long span bridges. Due to their 
complexity and numerous welding operations, 
there are two major problems associated with the 
OSD’s; first one is the fatigue performance, fatigue 
cracking is detected in a number of long span 
bridges, and, it is one of the greatest threats to the 
reliability of OSD’s. These decks suffer from many 
sensitive crack locations. This shows that there is 
still lack of understanding in the real fatigue 
behavior of OSD’s. 
 The other one is the increase in overall cost 
due to complex welding details and on site welding, 
which require highly skilled labor. These OSD’s 
configuration require complicated welding details 
and costly fabrication work, especially near 
diaphragm cutouts. To mitigate these problems, 
various researchers have devised different types of 
diaphragm cutouts to optimize stress distribution 
and reduce stress concentration. These details have 
lessen fatigue susceptibility but considered difficult 
to manufacture due to complex cutout geometry [1, 
2, 3]. 
Nowadays, research is more focused on 
reducing live load stresses without considering 
residual stresses [4]. Cracking generally initiates in 
the heat-affected zones (HAZ) at the welds, where 
residual stresses may reach yield stress. When a 
repeated live load is applied on the deck under such 
conditions, a likely stress/strain fluctuation at an 
initially yielded location adds to crack propagation. 
According to Roman Wolchuk experience, the 
1352
2019 IABSE Congress – The Evolving Metropolis 
September 4-6, 2019, New York City 
2 
cracking occurs mainly because of the effects of 
fabrication, i-e weld shrinkage, weld breaks, 
welding imperfections, , loose fabrication, and 
fitting tolerances [5]. 
In the rehabilitation of the Bronx-
Whitestone suspension bridge in New York City, 
cracks in the rib-to-deck (RD) joint of OSD were 
developed within the first year of the new deck 
installation. Although, designers predicted 75 years 
of fatigue life after testing the prototype in the 
laboratory. The fatigue cracks that were developed 
in the longitudinal weld in RD joint, mostly 
propagated from the hot-crack tip in the weld 
throat [6]. Hence, cracking occurred in the OSD due 
to welding irregularities and residual stresses owed 
to excessive weld sizes.  
The Orthotropic redecking for the upper 
level of the Verrazano suspension bridge in New 
York city was similarly guided by the aim of reducing 
the live load stresses on welded joints, with 
proposed details and weld sizes which are used in 
the B-W suspension bridge. Again, cracking 
occurred in the prototype panel being tested in 
2009. Another example of an OSD poor fatigue 
behavior is the Temse bridge across the river 
Scheldt in Belgium. After many repairs, the movable 
part was rebuilt in 1994 using an OSD. In 2004, a 600 
mm long crack was detected in the RD joint at the 
mid-span between two transverse stiffeners (Fig. 1). 
The main reason for this crack was the occurrence 
of multiple welds at one location. Also, the 
excessive welds were not chamfered or grinded [7].   
 
Fig. 1. Rib-to-deck joint crack in Temse Bridge, 
Belgium [7].   
Therefore, the OSD’s only designed to 
reduce live load stresses, disregarding the residual 
stresses attributable to fabrication imperfections, 
are both unsafe and expensive. From the past 
experiences, it is established that the OSD cracking 
is usually initiated due to welding irregularities in 
the fabrication stage prior to exposure of traffic.   
3 Standardization and Optimization: 
The concept of standardizing and 
optimizing the OSD’s has been circulating in the 
research industry for last two decades. In 1992, OSD 
panel for the redecking of Champlain bridge over 
the St. Lawrence river in Montreal was designed by 
the Roman Walchuk office. The existing floor beam 
spacing was 9.75m. To cover this large span length, 
the 381.0 mm deep ribs were used. The center-to 
center spacing between ribs was 914.0 mm (36 
inch) [5]. The new deck had performed satisfactorily 
with no cracking reported. These details were used 
in a number of new bridges in the New Tomei 
Expressway that connects Tokyo and Nagoya. 
Furthermore, Ya & Yamda showed that the use of a 
thick deck plate 16.0 mm (5/8 in.) could improve the 
fatigue durability of RD joints [8]. It can reasonably 
be expected that improved OSD fatigue 
performance can be attained by increasing the deck 
plate thickness when cutouts are not employed. To 
reduce labor and the overall cost of fabrication, an 
alternative design detail for OSD that utilized a 
thicker deck plate 18.0 mm (3/4 in.), but without 
cutouts, is considered for the design of the 
Wittpenn bridge on Route-7 in New Jersey [9]. This 
bridge is under construction, the time will tell that 
this option might, or might not, be an overall 
improvement with respect to fatigue resistance and 
capital cost.  
The total cost of OSD’s can be reduced by the 
industrial production of predesigned approved deck 
panels. This concept was first given by Wolchuk [5]. 
The most economical fabrication and welding 
procedures would be determined, and the strength 
and cracking resistance of the panels would be 
tested and certified. Their main advantage would be 
that, there will be no need for design analysis by the 
engineers. Their ready availability will considerably 
reduce the construction period. 
4 Orthotropic Steel deck Models: 
To facilitate the aforementioned concept, 
three OSD models are simulated and tested on a 
Finite Element Modeling (FEM) based software 
Siemens NX.12.0. The models consist of a deck 
plate, cross-beams, longitudinal ribs and girders. 
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The model-1 and model-2 has three cross-beams 
with 4000 mm center-to-center spacing while 
model-3 has two cross beams with 8000 mm center-
to-center spacing. The model-1 and model-2 has six 
longitudinal ribs whereas model-3 has four 
longitudinal ribs. The ribs are numbered starting 
from right to left.  The cross-sectional detail of each 
model is shown in the Fig.3(a,b).  
The model-1 is a Standard OSD with special 
stress reliving cutouts having 14.0mm thick deck 
plate and 6.0mm thick trapezoidal longitudinal ribs 
(SOSD14C). The ribs spacing is 600.0mm having 21.5 
rib span to thickness ratio. The model-2 is same as 
model-1 except it does not have special stress 
relieving cutouts (SOSD14). The model-3 is 
proposed model with 18.0mm thick deck plate 
having 8.0mm rounded bottom longitudinal ribs 
(POSD18). The rib spacing is 900.0mm having 25.0 
rib span to thickness ratio, which is the maximum 
recommended limit according to AASHTO LRFD[10]. 
 
(a). Model-1 &2 (SOSD14C & SOSD14) 
 
(b). Model-3 (POSD18) 
Fig.3: Cross-sectional detail of OSD models            
(all dimensions are in mm). 
4.1 Details of Finite Element Model (FEM). 
All models are simulated on Siemens NX.12 
which uses NX Nastran solver. They are modeled 
using shell element having eight nodes. In Siemens 
NX.12, this type of element is designated as 
CQUAD8. The welds are not modelled; all welded 
connections are considered as integral. To decide 
the mesh size of a shell element, a detail study was 
carried out using eight different mesh sizes 
(50,40,30,25,20,15,12, and 10mm). It is clear from 
the results that after 20mm (240,000 elements) 
mesh size, the percentage difference in the 
calculated stresses is negligible. hence, to save the 
computational time without compromising the 
results accuracy, 20mm CQUAD8 elements are 
used. Each model has approx. 250,000 elements 
and 765,000 of nodes.  
4.1.1 Material Properties 
The properties of AISI-1005 Steel has been 
used for all the models. It is a low carbon structural 
steel having modulus of elasticity 200,000 MPa 
(29000 ksi). The Poisson’s ratio is taken as 0.27. The 
yield strength and ultimate tensile strength are 226 
MPa (32.5 Ksi) and 321 MPa (46.5 ksi) respectively.                           
4.1.2 Loading and Boundary Conditions: 
The fatigue load model of AASHTO LRFD is used 
[10]. According to the given load model, the axle 
load should be applied on OSD as two closely 
spaced 36 kN (8.0 Kip) wheels, 1.2 m (4.0 ft) apart 
to accurately reflect the actual loading condition. 
The contact area for each rear wheel should be 510 
mm x 250 mm (20.0 in x 10.0 in).  Due to very 
localized stress behavior of OSD’s under applied 
wheel loads, only one wheel is modeled with a bit 
increased size (520 mm x 255 mm) to consider the 
effect of top asphalt layer (Fig.3 a & b). In OSD’s, RD 
joint has been reported as the most vulnerable to 
fatigue cracking due to direct contact of wheel load. 
Normally, three types of RD joint cracks can occur 
(Fig.4) out which two types of fatigue cracks are 
mostly reported i-e root-deck crack and toe-deck 
crack [8].  
 
 
 
 
 
 
 
 
Fig.4: Different types of Fatigue cracks in rib-to-deck 
welded joint [10] 
The OSD is analyzed by applying fatigue load 
model at different longitudinal and transverse 
positions to determine the worst case scenario for 
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RD joint. The critical load location has been selected 
on the basis of Max. principal tensile stress at the 
weld toe or root as shown in Fig.3 (a&b). The simply 
supported boundary condition is applied at the 
bottom flange of the girders. Due to computational 
limitations, only 8.0 m length of OSD was modeled. 
After several verification runs, it was concluded that 
to reflect the continuity in OSD models; deck, ribs 
and girders movement should be restricted in             
z-direction at both the ends. 
5 Comparative study 
To examine the performance of  the proposed 
orthotropic steel deck (POSD) as compare with the 
standard orthotropic steel deck (SOSD), three highly 
stressed RD joints under the given load condition 
are selected as shown in Fig.3(a&b). The RD joints 
of the loaded rib are designated as Point ‘A’ & ‘B’, 
and, Point ‘C’ represents the RD joint of the 
adjacent unloaded rib. From the preliminary 
analysis, it is clear that the stresses in OSD’s are very 
localized under the applied wheel load as shown in 
Fig. 7 (a,b&c). The stresses are almost negligible 
after 500mm away from the applied load location, 
which facilitates the single wheel load model 
concept for OSD’s. The stress distribution pattern at 
the top and bottom of the deck is almost identical 
in SOSD14C and SOSD14 as shown in Fig.7 (a, b), but 
stresses are a bit on higher side in SOSD14 due to its 
higher stiffness.  
In POSD18, the stress distribution pattern is 
different from other two models, especially near 
the studied RD joints (see Fig.7c). The stresses are 
comparable to SOSD’s under the applied wheel load 
but their area of distribution is quite large than 
other two models. Also, the stress concentrations 
are reduced near fatigue prone RD joints. The 
improved stress distribution depicts its enhanced 
structural behavior compare to other two models. 
For the better understanding of stress 
distribution, two additional models are added in the 
comparison with 14 and 16 mm deck thickness 
(POSD14 & POSD16). It is quite evident from the 
fig.5 that by increasing the deck plate thickness in 
proposed model reduces stresses under the wheel 
load. Due to lack of membrane effect, the stresses 
are quite high in thin deck plates as compare thick 
deck plates. In POSD18, the stresses are almost cut 
to half near fatigue prone RD joints, as compare to 
SOSD as shown in fig.6a. Only at joint ‘A’ the 
stresses are a bit high but the difference is very 
small whereas at adjacent rib (joint ‘C’) the stresses 
are quite low. In  SOSD models, the compressive 
stresses at the bottom and tensile stresses at the 
top are very high at point ‘B’, which facilitates the 
toe-deck fatigue crack propagation at this RD joint. 
 
 
 
Fig. 5: Peak Stress comparison between different 
OSD models under the applied wheel load 
(a). top and bottom, deck plate stresses
(b). Rib weld toe and root stresses  
Fig. 6: Rib-to-Deck joint stress comparison between 
different OSD models  
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(a). Model-1 (SOSD14C)  
 
(b). Model-2 (SOSD14)  
 
c). Model-3 (POSD18) 
Fig. 7: Top and Bottom, Deck Elemental Nodal Worst (Max. Min) Principal stresses
In OSD’s, root-deck fatigue cracks mostly 
appear due to the high tensile residual stresses at 
the weld root. The tensile stresses generated near 
the welded joint due to axle load will definitely 
assist the crack propagation. In POSD’s, only loaded 
rib RD joints (Joint ‘A’ & ‘B’) have tensile root 
stresses whereas adjacent rib (Joint ‘C’) has low 
compressive root stresses (see fig.6b). In 
contradiction to that, SOSD loaded rib RD joints 
(Joint ‘A’ & ‘B’) have compressive root stresses 
whereas adjacent rib (Joint ‘C’) has high tensile root 
stresses. It means that loaded rib of POSD has 
totally opposite stress behavior in comparison to 
SOSD’s. Furthermore, the stresses are very low in 
adjacent ribs of POSD due to larger rib spacing. The 
stress in SOSD14C and SOSD14 is identical near RD 
joints, which means cutouts has no significant effect 
on stresses. To conclude, POSD has enhanced stress 
distribution and less fatigue prone welded joints as 
compare to SOSD, but peak stresses are almost 
same in both OSD’s.  
 
6 Parametric Study: 
Based on the preliminary comparative study, 
further investigation of the POSD is done by 
selecting critical parameters in OSD’s i-e Deck plate 
thickness and Ribs Span length as identified by 
Connor and Walchuk [5,11]. 
Top 
Top 
Top 
Bottom 
 
Bottom 
Bottom 
 
A C B A C B 
A C B A C B 
A C B A C B 
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6.1 Effect of Deck Plate thickness: 
To study the effect of deck plate thickness on the 
stresses (i-e Principal, Von-Mises and Shear) five 
thicknesses are studied, from 12mm  to 20mm. The 
rib span length is kept constant i-e 8.0m. The results 
are highly in the favor of thick deck plate as shown 
in fig.8a.  
 
(a). Stresses (Principal, Von-Mises and Max. Shear) 
correlation with Deck plate thickness.  
 
(b). Deck plate and rib stresses  
Fig.8: Comparison between stresses vs deck plate 
thicknesses of POSD 
The graph also shows the  percentage 
reduction in peak stress against respective 
thickness, taking 12mm as a baseline. The reduction 
is rapid initially and become smoother after 18mm. 
Further investigation of the loaded rib RD joints 
(Joint ‘A’ & ‘B’) reveals that stresses are extremely 
influenced by deck plate thickness (see fig.8b). The 
stresses are significantly reduced in both deck and 
rib by increasing the deck plate thickness, which 
encourages the use of thick decks to reduce the 
cracking in fatigue prone welded RD joints.   
6.2 Effect of rib span: 
To study the effect of rib span length, five lengths 
are selected, from 4.0m to 12.0m. The deck 
thickness is kept constant i-e 18mm. The results are 
shown in fig.9a. The graph clearly describe that 
stress increment is smooth and it becomes 
smoother as the rib span length increases.  
(a). Stresses (Principal, Von-Mises and Max. Shear) 
correlation with rib-span length.  
(b). Deck plate stresses 
Fig.9: Comparison between stresses and various 
span lengths of POSD 
Furthermore, analysis of the loaded rib RD joints 
(Joint ‘A’ & ‘B’) shows the stress reduction with the 
increase in rib span (see fig.9b). The reduction in 
stresses becomes smoother with the increase in 
span length. The results are highly in favor of larger 
span length of ribs. Therefore, considering the 
economy and better efficiency of the POSD model, 
span length limitation implemented by the codes 
should be increased as suggested by Walchuk [5].  
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7 Conclusions: 
A numerical study is carried out to standardize and 
optimize the OSD’s. A comparison is made between 
SOSD’s and POSD model considering fatigue prone 
RD joints. Further investigation is performed to 
examine the influence of different parameters 
including deck plate thickness and rib span length. 
Overall performance of POSD is compared with the 
SOSD, after analyzing the results following 
conclusion and recommendations are made: 
i. Stress comparison between different OSD 
models, with and without cutouts in cross-
beams shows that these special details 
have limited effect on fatigue resistance of 
the OSD. POSD model shows better 
structural behavior due to rounded 
bottoms of longitudinal ribs. It encourages 
the use OSD’s without special stress 
relieving cutouts. 
ii. In POSD, intersections of deck plate with 
cross-beams and longitudinal ribs greatly 
reduced for the same surface area as 
compare with SOSD’s, due its larger span 
and rib spacing. Fabrication cost can be 
saved by using POSD due to reduction in 
labor-intensive and costly welds between 
these intersections.  
iii. The stresses are a bit on higher side in POSD 
under the wheel load. But near fatigue 
prone RD joints, the stresses are almost 
halved as compare to SOSD. Only at joint ‘A’ 
the stresses are a bit higher but the 
difference is very small, whereas at 
adjacent rib (joint ‘C’) the stresses are 
almost negligible. It shows POSD enhanced 
structural behavior as compare to SOSD. 
iv. The deck plate thickness has substantial 
effect on the fatigue performance of the 
POSD, by increasing its thickness stresses 
reduced significantly . The results are highly 
in the favor of using thick deck plates to 
reduce the stresses in fatigue prone RD 
joints. 
v. The structural efficiency of the POSD model 
increases significantly for long rib spans. 
This is because of the better lateral load 
distribution of decks due to enhanced 
membrane effect with longer spans. 
Considering both cost and efficiency, 8.0m 
span length is proposed.  
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